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(54) Steering device for vehicle 

(57) A steering device for a vehicle wherein the 
movement of a steering actuator (2) Is transmitted to the 
wheels (4) of a vehicle In such a manner that the steer- 
ing angle changes In accordance with this movement, 
without the operating member (1) being coupled 
mechanically to the vehicle wheels (4). A behaviour 
index value corresponcfing to change in the behaviour of 
the vehicle due to change in the steering angle is deter- 
mined, and a target behaviour Index value correspond- 
ing to the amount of operation of the operating member 
(1) is calculated. A steering angle correction value cor- 
responding to the differential between the target behav- 
iour index value and the determined behaviour index 
value is summed with a steering angle set value corre- 
sponding to the target behaviour index value to give a 
target steering angle. The steering actuator (2) is con- 
trolled in such a manner that the steering angle corre- 
sponds to the target steering angle. 
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Description 

[0001] The present invention relates to a steering device for a vehicle to which a so-called 'steer by electrical wire 1 
system is applied. 

5 [0002] In a steering device for a vehicle incorporating a 'steer by electrical wire* system, the movement of a steering 
actuator Is transmitted to the wheels of the vehicle in such a manner that the steering angle thereof changes in accord- 
ance with the degree of operation of a rotatable operating member, which is modelled on a steering wheel, without the 
operating member being coupled mechanically to the wheals of the vehicle. 

[0003] Conventionally, a target steering angle corresponding to the amount of operation of the operating member 
7a is determined, and the steering actuator Is controlled in such a manner that steering angle corresponds to the target 
steering angle. Moreover, a method has also been proposed whereby a target value for the yaw rate corresponding to 
the change in the behaviour of the vehicle due to the change in steering angle is determined in accordance with the 
amount of operation of the operating member, a target steering angle is determined in such a manner that the detected 
actual yaw rate of the vehicle assumes the target yaw rate, and the steering angle actuator is controlled in such a man- 
is nerthat the steering angle corresponds to the target steering angle. Moreover, in orderto provide the driver with an arti- 
ficial impression of a steering sensation similar to that obtained in a normal vehicle in which thB steering wheel is 
mechanically coupled to the wheels, a steering actuator for generating a reactive torque acting on the operating mem- 
ber is provided, whereby a reactive torque corresponding to the amount of operation of the operating member Is applied 
to the operating member. 

20 [0004] In the conventional cases where a target steering angle is determined corresponding to the amount of oper- 
ation of the operating member, it is not possible to respond to the actual behaviour of the vehicle and therefore control 
which optimizes the vehicle behaviour cannot be performed. 

[0005] In the conventional cases where the target steering angle is determined in accordance with the actual yaw 
rate of the vehicle, since virtually no yaw rate is generated at low vehicle speeds, it is not possible to control the steering 

25 actuator in an accurate manner. Therefore, a method may be conceived whereby the steering actuator is controlled by 
determining a target steering angle according to the amount of operation of the operating member, in the low vehicle 
speed range, whilst the steering actuator is controlled by determining a target steering angle according to the actual 
yaw rate of the vehicle, in the medium and high vehicle speed range; but at the boundary between the low vehicle speed 
range and the medium to high vehicle speed range, the amount of control of the steering actuator changes suddenly, 

30 and hence the behaviour of the vehicle becomes unstable. 

[0006] Moreover, in the conventional compositions, the degree of responsiveness of the change in steering angle 
with respect to the amount of operation of the operating member has been insufficient. 

[0007] It is an object of the present invention to provide a steering device for a vehicle whereby the aforementioned 
problems can be resolved. 

35 [0008] The steering device for a vehicle according to the present invention is characterized in that it comprises: an 
operating member; a steering actuator driven in accordance with operation of the operating member, means for trans- 
mitting the movement of the steering actuator to the wheels of a vehicle in such a manner that the steering angle 
changes in accordance with the movement, without the operating member being coupled mechanically to the vehicle 
wheels; means for determining a behaviour index value corresponding to change in the behaviour of the vehicle; means 

40 for detecting the amount of operation of the operating member; means for calculating a target behaviour index value 
corresponding to the detected amount of operation, on the basis of a stored relationship between the amount of oper- 
ation and the target behaviour index value; means for calculating a steering angle set value corresponding to the cal- 
culated target behaviour index value, on the basis of a stored relationship between the target behaviour index value and 
the steering angle set value; means for calculating a steering angle correction value corresponding to the differential 

45 between the target behaviour index value and the aforementioned determined behaviour index value, on the basis of a 
stored relationship between this differential and the steering angle correction value; and means for controlling the steer- 
ing actuator in such a manner that the steering angle corresponds to a target steering angle being the sum of the steer- 
ing angle set value and the steering angle correction value. 

[0009] According to the constitution of the present Invention, the steering actuator is controlled in such a manner 
so that it corresponds to a target steering angle being the sum of a steering angle sat value and a steering angle correction 
value; the steering angle set value corresponds to a target behaviour index value which relates to the amount of oper- 
ation of the operating member; the steering angle correction value corresponds to the differential between this target 
behaviour index value and a determined behaviour index value. Since the steering angle set value corresponds to a 
feed-forward element in the target steering angle and the steering angle correction value corresponds to a feed-back 
55 element thereof, integrated control combining feed-forward control and feed-back control is performed. Thereby, it is 
possible to achieve optimisation of vehicle behaviour, by causing the steering angle of the vehicle to change in accord- 
ance with the amount of operation of the operating member, and also by controlling the steering actuator in accordance 
with change in the behaviour of the vehicle. 
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[0010] The yaw rate or lateral acceleration of the vehicle can be employed as the aforementioned behaviour index 
value. Moreover, the behaviour index value can be determined as a value D expressed by D = Kl • Gy + K2 • y • V , 
taking the lateral acceleration of the vehicle as Gy, the yaw rate of the vehicle as y, the weighted ratio of the lateral accel- 
eration as K1 , the weighted ratio of the yaw rate as K2, where Kl + K2 = 1 , and the speed of the vehicle as V. 
5 [0011] It is preferable that the stored relationship between the target behaviour index value and the steering angle 
set value corresponds to the inverse of the transfer function of the behaviour index value with respect to the steering 
angle. 

[0012] Thereby, since the relationship between the target behaviour Index value and the steering angle set value 
corresponds to the inverse of the transfer function corresponding to the transient response characteristics of the vehicle 
io behaviour with respect to change in the steering angle, it is possible to improve the responsiveness and stability of the 
transient response by means of feed-forward control. 

[0013] Desirably, the stored relationship between the differential of the target behaviour index value and the behav- 
iour index value, and the steering angle correction value, is the inverse of the transfer function of the behaviour index 
value with respect to the steering angle. 

15 [0014] Thereby, since the relationship between the steering angle correction value and the differential between the 
target behaviour index value and the behaviour index value corresponds to the inverse of the transfer function relating 
to transient response characteristics of the vehicle behaviour with respect to change in the steering angle, the respon- 
siveness and stability of the transient response are improved by feed-back control, and hence the steering feel and the 
stability of the vehicle behaviour are improved. 

20 [0015] Desirably, the aforementioned target behaviour index value is calculated in such a manner that the ratio of 
the yaw rate or lateral acceleration of the vehicle with respect to the amount of operation of the operating member is 
uniform, irrespective of the vehicle speed. 

[0016] In a vehicle wherein the steering wheel and vehicle wheels are mechanically coupled, since the ratio of the 
steering angle with respect to the amount of operation of the steering wheel is constant, the steady gain of the yaw rate 
25 and lateral acceleration with respect to the amount of operation of the steering wheel increase as the vehicle speed 
increases. 

[0017] However, according to the constitution described above, it is possible to improve operability by taking the 
ratio of the yaw rate or lateral acceleration of the vehicle with respect to the amount of operation of the operating mem- 
ber as a uniform value, irrespective of the vehicle speed. 

30 [0018] Desirably, the operating member Is rotation ally operated; the amount of operation of the operating member 
is taken as the operating torque imparted to the operating member by the driver of the vehicle; and an operating actu- 
ator for generating a reactive torque acting on the operating member is provided; there also being provided: means for 
detecting the rotational operating angle of the operating member due to the action of the differential between the detect- 
ing operating torque and the generated reactive torque; means for calculating a target reactive torque corresponding to 

35 the detected rotational operating angle, on the basis of a stored relationship between the rotational operating angle and 
the target reactive torque; and means for controlling the operating actuator in such a manner that the reactive torque 
corresponds to the target reactive torque. 

[0019] if the rotational operating angle of the operating member produced by action of the differential of the oper- 
ating torque and the reactive torque is used as the amount of operation of the operating member, then it becomes pos- 
40 sible to restrict excessive operation of the operating member by means of the reactive torque, but a delay arises from 
the time at which the driver imparts an operating torque until the rotational operating angle of the operating member is 
produced. Due to this delay, there is a decline in the response characteristics of the change in steering angle with 
respect to the operation of the operating member. 

[0020] However, according to this constitution described above, the operating torque imparted to the operating 
45 member by the driver is employed as the amount of operation of the operating member. Thereby, not only is it possible 
to restrict excessive operation of the operating member by means of reactive torque, but it is also possible to reduce the 
delay from the time that the driver imparts an operating torque to the time that the steering angle changes, and therefore 
the responsiveness of change in the steering angle with respect to the operations performed by the driver is improved, 
thereby allowing the attitude of the vehicle to be corrected readily even in the case of sudden steering actions in the 
so high speed range, and hence improving driving stability. 

[0021] Alternatively, it is desirable that the operating member is rotational ly operated; the amount of operation of 
the operating member is taken as the operating torque imparted to the operating member by the driver of the vehicle; 
and an operating actuator for generating a reactive torque acting on the operating member is provided; there being fur- 
ther provided: means for detecting the rotational operating angle of the operating member due to the action of the dif- 
55 ferential between the detecting operating torque and the generated reactive torque; means for calculating a reactive 
torque set value corresponding to the detected rotational operating angle, on the basis of a stored relationship between 
the rotational operating angle and the reactive torque set value; means for calculating a behaviour-related rotational 
operating angle for the operating member corresponding to the determined behaviour index value, on the basis of a 



3 



EP 1 097 855 A2 



stored relationship between the behaviour index value and the behaviour-related rotational operating angle; means for 
calculating a reactive torque correction value corresponding to the differential between the detected rotational operating 
angle and the calculated behaviour-related rotational operating angle, on the basis of a stored relationship between this 
differential and the reactive torque correction value; and means for controlling the operating actuator in such a manner 
5 that the reactive torque corresponds to a target reactive torque being the sum of the reactive torque set value and the 
reactive torque correction value. 

[0022] According to this constitution, the operating torque imparted to the operating member by the driver is 
employed as the amount of operation of the operating member. Thereby, not only is it possible to restrict excessive 
operation of the operating member by means of reactive torque, but it is also possible to reduce the delay from the time 
io that the driver imparts an operating torque to the time that the steering angle changes, and therefore the responsive- 
ness of change in the steering angle with respect to the operations performed by the driver is improved, thereby allow- 
ing the attitude of the vehicle to be corrected readily even in the case of sudden steering actions in the high speed 
range, and hence improving driving stability. 

[0023] Moreover, a reactive torque correction value is determined according to the differential between a behavlour- 
16 related rotational operating angle corresponding to the actual behaviour index value of the vehicle and a detected rota- 
tional operating angle, and a target reactive torque being obtained by summing this reactive torque correction value with 
a reactive torque set value corresponding to the rotational operating angle, and therefore the reactive torque reflects 
changes in the actual behaviour of the vehicle. Thereby, the attitude of the vehicle can be corrected more readily in 
response to sudden steering actions, hence improving driving stability, and the driving characteristics of the vehicle are 
20 made to correspond to the operating torque imparted by the driver, the vehicle being steered in accordance with this 
operating torque. 

[0024] In this case, desirably, the reactive torque correction value is taken as zero, at speeds lower than a previ- 
ously set vehicle speed. 

[0025] Thereby, in the low vehicle speed range where no vehicle behaviour index value is generated, the operating 
23 actuator can be controlled such that the reactive torque corresponds to the reactive torque set value corresponding to 
the rotational operating angle. In the medium to high speed range where the behaviour index value of the vehicle 
becomes larger, the operating actuator can be controlled such that the reactive torque coincides with target reactive 
torque which is the sum of the reactive torque set value and the reactive torque correction value. Therefore, the control 
amount of the operating actuator will not change abruptly at the border between the low vehicle speed range and the 
30 medium to high speed range, and the vehicle can be operated in accordance with the driver's operating torque by con- 
trolling the operating actuator in accordance with the change in behaviour of the vehicle. 

[0026] When a vehicle speed is lower than a previously set value, it is preferable that the target steering angle cor- 
responding to the detected amount of operation is calculated based on a stored relationship between the amount of 
operation and the target steering angle, and the steering angle correction value is taken as zero. 

35 [0027] Thereby, in the low vehicle speed range where the yaw rate and lateral acceleration are low and virtually no 
vehicle behaviour index value is generated, and the target steering angle is determined in accordance with the operat- 
ing torque. In the medium to high speed range, where the behaviour index value of the vehicle becomes larger, the tar- 
get steering angle is taken as the sum of a steering angle set value corresponding to the target behaviour index value 
and a steering angle correction value corresponding to the differential between the target behaviour index value and the 

40 actual behaviour index value, and the steering actuator is controlled in such a manner that the steering angle coincides 
with the target steering angle. Therefore, the amount of control applied to the steering actuator at the boundary between 
the low speed range and the medium to high speed range is equalized, thereby preventing the vehicle behaviour from 
becoming unstable. 

[0028] Desirably, the behaviour index value is determined as a value D expressed by DaKI • Gy + K2 • y • V , 
45 taking the lateral acceleration of the vehicle as Gy, the yaw rate of the vehicle as y, the speed of the vehicle as V, the 
weighted ratio of the lateral acceleration as Kl , and the weighted ratio of the yaw rate as K2, where K1 + K2 = 1 , the 
stored relationship between the target behaviour index value and the steering angle set value corresponds to the 
inverse of the transfer function of the behaviour index value with respect to the steering angle, and the transfer function 
of the behaviour Index value with respect to the steering angle is derived on the basis of a previously determined equa- 
50 tion of motion containing the lateral acceleration, yaw rate, steering angle and speed of the vehicle as unknown quan- 
tities, at least one of either K1 or K2 being included therein, in such a manner that it corresponds to the transient 
response of the vehicle behaviour with respect to change in the steering angle. 

[0029] Thereby, since the relationship between the target behaviour index value and the steering angle set value 
corresponds to the inverse of the transfer function relating to transient response characteristics of the vehicle behaviour 
55 with respect to change in steering angle, the responsiveness and stability of the transient response are improved by 
feed-forward control, and hence the steering feel and the stability of the vehicle behaviour are improved. 
[0030] Desirably, K1 and K2 are taken as functions of the vehicle speed, in such a manner that the transient 
response of the vehicle behaviour with respect to change In the steering angle corresponds to a previously determined 



4 



EP 1 097 855 A2 



uniform response, Irrespective of the vehicle speed. Thereby, the transient response of the vehicle behaviour with 
respect to change In the steering angle Is made to correspond to a model response, thereby Improving said transient 
response characteristics. 

[0031] According to the present invention, in a 'steer by wire' system, a steering device for a vehicle is provided 
5 whereby it is possible to cause the steering angle of a vehicle to change in accordance with the amount of operation of 
an operating member, without causing the vehicle behaviour to become unstable In the transition from a low speed 
range to a medium to high speed range, and hence vehicle behaviour can be optimized, operability can be improved, 
the attitude of the vehicle can be con-acted more readily even in the case of sudden steering actions at high vehicle 
speeds, thereby improving driving stability, the vehicle can be steered according to operating torque, and moreover, the 
w responsiveness and stability of the transient response of the vehicle behaviour with respect to changes in the steering 
angle can be improved, thereby improving the steering feel and stability of vehicle behaviour. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0032] 

Fig. 1 is a constitutional diagram of a steering device according to embodiments of the present invention; 
Fig. 2 is a control block diagram of the steering device according to the first embodiment of the present Invention, 
in a case where the vehicle speed is equal to or greater than a set speed; 
20 Fig. 3 is a control block diagram of the steering device according to the first embodiment of the present invention, 

in a case where the vehicle speed is less than a set speed; 

Fig. 4 illustrates the relationship between vehicle speed and the steady gain of the target steering angle with 
respect to the rotational operating angle in the steering device according to the first embodiment of the present 
invention; and the relationship between vehicle speed and the steady gain of the target steering angle with respect 
23 to the operating torque in a steering device according to a second embodiment of the present invention; 

Fig. 6 is a flowchart illustrating the control procedure of the steering device according to the first embodiment of the 
present invention; 

Fig. 6 is a control block diagram of the steering device according to the second embodiment of the present inven- 
tion, in a case where the vehicle speed is equal to or greater than a set speed; 
30 Fig. 7 is a control block diagram of the steering device according to the second embodiment of the present inven- 

tion, in a case where the vehicle speed is less than a set speed; 

Fig. 8 is a flowchart illustrating the control procedure of the steering device according to the second embodiment 
of the present invention; 

Fig. 9 is a control block diagram of a steering device according to a third embodiment of the present invention, in a 
35 case where the vehicle speed is equal to or greater than a set speed; 

Fig. 1 0 is a flowchart illustrating the control procedure of the steering device according to the third embodiment of 
the present invention; 

Fig. 1 1 is a control block diagram of a modification example of the first embodiment of the present invention, in a 
case where the vehicle speed is equal to or greater than a set speed; 
40 Fig. 12 is a~ control block diagram of a modification example of the second embodiment of the present invention, in 

a case where the vehicle speed is equal to or greater than a set speed; 

Fig. 13 is a control block diagram of a modification example of the third embodiment of the present invention, in a 
case where the vehicle speed is equal to or greater than a set speed; 

Fig. 14 shows the relationship between time and the behaviour index value, illustrating response simulation results 
45 for stepped inputs of the steering angle, in cases where K1 is varied in the transfer function of the behaviour index 
value with respect to the steering angle, in a fourth embodiment of the present invention; 

Figs. 15(1) - (4) respectively show the relationship between time and the behaviour index value, illustrating 
response simulation results for stepped inputs of the steering angle, in cases where the vehicle speed is varied in 
the transfer function of the behaviour index value with respect to the steering angle, In the fourth embodiment of the 
50 present invention; 

Figs. 16(1) - (3) respectively show the relationship between time and the behaviour index value, illustrating 
response simulation results for stepped inputs of the target behaviour index value, in a case where the transfer 
function of the steering angle set value with respect to the target behaviour index value is set similarly to the first 
embodiment of the present invention, and the vehicle speed is varied, using the simulation model illustrated in Fig. 
55 17; 

Fig. 17 shows a simulation model; 

Figs. 18(1) - (4) respectively show the relationships between time and the steering angle, behaviour index value, 
lateral acceleration and yaw rate, Illustrating response simulation results for stepped inputs of the target behaviour 
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index value, in a case where K1 is taken as K1 = 0.5, and the vehicle is varied, using the simulation model illustrated 
In Fig. 17; 

Figs. 19(1) - (4) respectively show the relationships between time and the steering angle, behaviour index value, 
lateral acceleration and yaw rate, illustrating response simulation results for stepped inputs of the target behaviour 
s index value, in a case where K1 is taken as K1 = 0.25, and the vehicle is varied, using the simulation model illus- 

trated in Fig. 17; 

Fig. 20 illustrates the relationship between vehicle speed and K1; 

Figs. 21(1) - (4) respectively show the relationships between time and the steering angle, behaviour index value, 
lateral acceleration and yaw rate, illustrating response simulation results for stepped inputs of the target behaviour 
10 index value, in a case where K1 is taken as a function of vehicle speed, and the vehicle is varied, using the simu- 
lation model illustrated in Fig. 1 7; 

Figs. 22(1) - (4) respectively show the relationships between time and the steering angle, behaviour index value, 
lateral acceleration and yaw rate, illustrating response simulation results for stepped inputs of the target behaviour 
index value, In a case where the transfer function of the steering angle correction value with respect to the differen- 
is ttal between the target behaviour index value and the behaviour index value is taken as a proportional control ele- 
ment, of which the proportional gain is taken as 1 , and the vehicle is varied, using the simulation model illustrated 
in Fig. 24; 

Figs. 23(1 ) - (4) respectively show the relationships between time and the steering angle, behaviour index value, 
lateral acceleration and yaw rate, illustrating response simulation results for stepped inputs of the target behaviour 
20 index value, in a case where the transfer function of the steering angle correction value with respect to the differen- 
tial between the target behaviour index value and the behaviour index value is taken as a proportional control ele- 
ment, of which the proportional gain is taken as 0.05, and the vehicle is varied, using the simulation model 
Illustrated In Fig. 24; 

Fig. 24 is a diagram showing b further simulation model; and 
25 Figs. 25(1) - (4) respectively show the relationships between time and the steering angle, behaviour index value, 
lateral acceleration and yaw rate, illustrating response simulation results for stepped inputs of the target behaviour 
index value in a case where the vehicle speed is varied in the simulation model illustrated in Fig. 24, according to 
the fourth embodiment of the present Invention. 

30 [0033] A first embodiment of the present invention is described now with reference to Fig. 1 through Fig. 7. 

[0034] The steering device for a vehicle illustrated in Fig. 1 comprises: an operating member 1 modelled on a steer- 
ing wheel; a steering actuator 2 which is driven in accordance with rotational operation of the operating member 1 ; and 
a steering gear 3 which transmits the movement of the steering actuator 2 to the front right and left steerable wheels 4 
of the vehicle, in such a manner that the steering angle changes in accordance with the movement of the steering actu- 

35 ator 2, without the operating member 1 being coupled mechanically to the vehicle wheels 4. 

[0035] The steering actuator 2 can be constituted by electric motors, such as commonly known brushless motors, 
or the like. The steering gear 3 comprises a movement converting mechanism for converting the rotational movement 
of the output shaft of the steering actuator 2 to linear movement of a steering rod 7. The movement of this steering rod 
7 is further transmitted via tie rods 8 and knuckle arms 9 to the vehicle wheels 4, thereby changing the tow angle of the 

40 vehicle wheels 4. A commonly used device can be used for the steering gear 3, the constitution of which is not limited, 
provided that it transmits the movement of the steering actuator 2 to the vehicle wheels 4 in such a manner that the 
steering angle changes. The wheel alignment is set in such a manner that, in a state where the steering actuator 2 is 
not being driven, the vehicle wheels 4 are able to return to a forward steering position by means of a self- aligning 
torque. 

45 [0036] The operating member 1 is coupled to a rotating shaft 1 0 supported rotatably by the main body of the vehi- 
cle. An operating actuator 19 for generating a reactive torque acting on the operating member 1 is also provided. This 
operating actuator 1 9 can be constituted by an electric motor, such as a brushless motor, or the like, having an output 
shaft that is integrated with the rotating shaft 1 0. 

[0037] An elastic member 30 is provided applying an elastic force to the operating member 1 In a direction causing 
so the member 1 to return to a forward steering position. This elastic member 30 can be constituted by means of a spring 
applying elastic force to the rotating shaft 10, for example. When the aforementioned operating actuator 19 does not 
apply any torque to the rotating shaft 1 0, the operating member 1 is caused to revert to the forward steering position by 
means of the elastic force of the elastic member 30. 

[0038] An angle sensor 1 1 is provided for detecting the angle of rotational operation of the operating member 1 by 
55 means of the angle of rotation of the rotating shaft 10. 

[0039] A torque sensor 1 2 is provided for detecting the operating torque imparted by the vehicle driver on the oper- 
ating member 1 by means of the torque transmitted by the rotating shaft 10. 

[0040] A steering angle sensor 13 for detecting the steering angle of the vehicle Is constituted by means of a poten- 
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tlometer which detects the amount of operation of the steering rod 7 corresponding to the steering angle. 
[0041] A speed sensor 14 for detecting the vehicle speed is provided 

[0042] A lateral acceleration sensor 15 for detecting the lateral acceleration of the vehicle is provided. 

[0043] A yaw rate sensor 1 6 for detecting the yaw rate of the vehicle is provided. 
5 [0044] The aforementioned angle sensor 1 1 , torque sensor 12, steering angle sensor 13, speed sensor 14, lateral 

acceleration sensor 16 and yaw rate sensor 16 are connected to a control device 20 constituted by a computer. This 

control device 20 controls the steering actuator 2 and operating actuator 19 via driving circuits 22, 23. 

[0045] Fig. 2 shows a control block diagram of the control device 20 according to the first embodiment, in a case 

where the vehicle speed is equal to or greater than a previously determined vehicle speed. In this first embodiment, the 
io angle of rotational operation as detected by the aforementioned angle sensor 1 1 is taken as the amount of operation of 

the operating member 1. 

[0046] Moreover, taking the lateral acceleration of the vehicle as Gy, the yaw rate of the vehicle as y, the lateral 
acceleration weighted ratio as K1 , the yaw rate weighted ratio as K2, and the vehicle speed as V, where K1 + K2 ■ 1 , 
then the value D expressed by the expression D = K1 • Gy K2 • 7 • V represents a behaviour index value corre- 

15 sponding to the change in the behaviour of the vehicle in accordance with the change in steering angle. The lateral 
acceleration Gy is detected by the aforementioned lateral acceleration sensor 15, the yaw rate 7 by the yaw rate sensor 
16, and the vehicle speed V by the speed sensor 14, respectively, the aforementioned relationship being stored in the 
control device 20 and the behaviour index value D being calculated by the control device 20 from the respective 
detected value and the stored expression. The ratios of K1 and K2 should be set in such a manner that the behaviour 

20 index value D corresponds to the changes in vehicle behaviour caused by change in the steering angle. For example, 
these ratios may be set equally to K1 = K2 = 0.5 , or they may be changed in accordance with the vehicle speed, or the 
like, which affects the change in vehicle behaviour caused by change in the steering angle. 

[0047] in Fig. 2, Th is the detected value for the operating torque from the torque sensor 12; Tm is the reactive 
torque generated by the operating actuator 19; Tm* is the target reactive torque, 5h is the value of the rotational oper- 

25 ating angle of the operating member 1 , generated by the differential between the operating torque Th and the reactive 
torque Tm, as detected by the angle sensor 1 1 ; 5 is the value for the steering angle detected by the steering angle sen- 
sor 13; Sfr F is the steering angle set value; 5 FB is the steering angle correction value; 5* is the target steering angle; Gy 
is the value of the lateral acceleration as detected by the lateral acceleration sensor 15; 7 is the value of the yaw rate as 
detected by the yaw rate sensor 16; V is the speed value as detected by the speed sensor 14; D is the behaviour index 

30 value for the vehicle 100 as derived on the basis of the detected lateral acceleration Gy, yaw rate 7, and vehicle speed 
V; D* is the target behaviour index value; i* is the target value for the driving current of the steering actuator 2; G1 is the 
transfer function of the controller of D* with respect to Sh; G2 is the transfer function of the controller of 5pp with respect 
to D*; G3 is the transfer function of the controller of 5 FB with respect to the difference between D* and D; G4 is the trans- 
fer function of the controller of i* with respect to 5*; and G5 is the transfer function of the controller of Tm* with respect 

35 to 8h. 

[0048] The control device 20 calculates the target behaviour index value D* corresponding to the rotational operat- 
ing angle 5h of the operating member 1 as detected by the angle sensor 11, on the basis of the transfer function G1 
which represents the relationship between the rotational angle of operation 5h and the target behaviour index value D*. 
This transfer function G 1 Is previously determined and stored in the control device 20. 
40 [0049] In the present embodiment, the controller of D* with respect to 8h is a proportional control element, the pro- 
portional gain of which is proportional to the vehicle speed V. Thereby, taking K D1 as the proportional constant, the fol- 
lowing relationship is established. 

D*-G1 • 5h«K1 • Gy+K2 • 7 • V«K D1 • V • 6h 

45 

[0050] Therefore, the target behaviour index value D* is calculated in such a manner that the ratio of the yaw rate 7 
of the vehicle with respect to the rotational operating angle Sh of the operating member 1 is uniform, irrespective of the 
vehicle speed. 

[0051] The proportional constant is adjusted in such a manner that optimum control is provided, for example, 

50 it is set to 4/3. 

[0052] Alternatively, by setting the transfer function G1 to a constant, the target behaviour index value D* may be 
calculated in such a manner that the ratio of the lateral acceleration Gy of the vehicle with respect to the rotational oper- 
ating angle 8h of the operating member 1 is uniform, irrespective of the vehicle speed. 

[0053] The control device 20 calculates the steering angle set value 5pp corresponding to the target behaviour 
55 index value D* derived above, on the basis of the transfer function G2 which represents the relationship between the 
target behaviour index value D* and the steering angle set value 5 FP This transfer function G2 is previously determined 
and stored in the control device 20. 

[0054] in the present embodiment, the transfer function G2 is taken as the reciprocal of the steady gain G D (v) of 
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the lateral acceleration with respect to the steering angle, and hence 8 FF = DVG D (v) . 

[0055] The gain G D (v) is determined by the following expression, where SF is the stability factor and L is the vehicle 
wheelbase. 

5 G D (v) = V 2 /{(1+SF • V 2 )L} 

[0056] Here, SF and L are intrinsic values of the vehicle, and for example, have values of SF = 0.001 1 s 2 /m 2 and L 
= 2.512 m. 

[0057] The control device 20 calculates the differential (D* • D) between the calculated target behaviour index value 
io D* and the behaviour Index value D determined on the basis of the detected values for lateral acceleration Gy, yaw rate 
Y, and vehicle speed V, and it further calculates the steering angle correction value 6>b corresponding to the differential 
(D* - D) on the basis of the transfer function G3 representing relationship between the differential (D* - D) and the steer- 
ing angle correction angle 5fb- ^ e transfer function G3 is previously determined and stored in the control device 20. 
[0058] In the present embodiment, the transfer function G3 is taken as (Kp + Ki/s)/G D (v) , where Kp is the proper- 
ty tional gain, Ki is the integral gain, and s is the Laplace operator, in such a manner that PI (Proportional Integral) control 
is achieved. Thereby, the following express ton is established. 

5 FB = (Kp + KVs)(D'-DyG D (v) 

20 [0059] The values of Kp and Ki are adjusted in such a manner that optimum control is performed, being set, for 
example, to values of Kp = 3 and Ki = 20. 

[0060] The control device 20 calculates the target steering angle 5* from the sum of the aforementioned steering 
angle set value 8ff and tne steering angle correction value Sfb- Therefore, since 8* = 8 FF + S FB , Spp = DVG D (v) , 
and D* = K D1 • V • 8h , then in a steady state where 8fb = °. tne relationship between the target steering angle 8* 
25 and the rotational operating angle 8h of the operating member 1 will be given by the following expression. 

8* = {K D1 • V/G D (v)}Sh 

[0061] The control device 20 calculates the target drive current i* for the steering actuator 2 corresponding to the 
30 calculated target steering angle 5*, on the basis of the transfer function G4 which represents the relationship between 
the target steering angle 8* and the target drive current I*. This transfer function G4 is previously determined and stored 
in the control device 20. The steering actuator 2 is driven in accordance with the target drive current i*. Thereby, the 
steering actuator 2 is controlled by the control device 20 in such a manner that the steering angle 8 corresponds to the 
target steering angle 8*. 

35 [0062] The aforementioned transfer function G4 is, for example, taken as G4 = Kb(1+1/(Tb * s)) , where Kb is the 
gain and Tb is a time constant, in such a manner that PI control Is achieved, the gain Kb and time constant Tb being 
adjusted in such a manner that optimum control is provided. 

[0063] The control device 20 calculates the target reactive torque Tm* corresponding to the rotational operating 
angle oh of the operating member 1 as detected by the angle sensor 11, on the basis of a transfer function G5 which 

40 represents the relationship between the rotational operating angle 8h and the target reactive torque Tm*. This transfer 
function G5 is previously determined and stored in the control device 20. The operating actuator 19 is controlled by the 
control device 20 in such a manner that the reactive torque Tm corresponds to the target reactive torque Tm*. 
[0064] In the present embodiment, the controller of the target reactive torque Tm* corresponding to the rotational 
operating angle Oh is a proportional control element, and the proportional gain thereof Kt is constant, Irrespective of the 

45 vehicle speed. 

[0065] Moreover, the absolute value of the target reactive torque Tm* may be set in such a manner that it does not 
exceed a predetermined upper limit, for example, 10N • m, in such a manner that reactive torque is never applied to 
an excessive degree. 

[0066] Fig. 3 shows a control block diagram of a control device 20 according to the first embodiment, in a case 
so where the vehicle speed is less than the aforementioned previously set vehicle speed Va. In Fig. 3, G6 is the transfer 
function of the controller of 8* corresponding to 8h, and the steering angle correction value 8 FB is set to zero, apart from 
which, the situation is similar to that in Fig. 2. The previously set vehicle speed Va should be determined in such a man- 
ner that at speeds exceeding this vehicle speed Va, the target steering angle 8* can be set appropriately on the basis 
of the calculated behaviour index value D, for example, Va is set to 2.78 m/s. 
55 [0067] The control device 20 calculates the target steering angle 8* corresponding to the rotational operating angle 
8h of the operating member 1 as detected by the angle sensor 1 1 , on the basis of a transfer function G6 which repre- 
sents the relationship between the rotational operating angle Sh and the target steering angle 8*. This transfer function 
G6 is previously determined and stored In the control device 20. 
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[0068] In the present embodiment, the controller Df 8" corresponding to 8h is taken as a proportional control ele- 
ment, and the proportional gain Ka{v) thereot la taken as a function of the vehicle speed V, thereby establishing the fol- 
lowing expression 

5 6* = Ka(v) • 5h 

[0069] Furthermore, at the previously set vehicle speed Va, the target 6teering angle 5* determined on the basis of 
the transfer function G6 and the steering angle set value 8 F p determined on the basis of the aforementioned transfer 
functions G1 , G2 become equal. Therefore, the following expression is established 

10 

5* = 8 FF = {K D1 • Va/G D (v)}5h = Ka(v) • 5h 

[0070] The value of Ka(v) is, for example, set to the value at a vehicle speed of V o 0 m/s, and then calculated by 
interpolating between this value and the value of {KD ^ • Va/G D (v)} at V = 2. 78 m/s . 

15 [0071] The solid Unas in Fig. 4 indicate the relationship between K D1 • V/G D (v) and the vehicle speed V when 
the vehicle speed V is equal to or greater than the aforementioned set vehicle speed Va, and also indicate the relation- 
ship between Ka(v) and the vehicle speed V when the vehicle speed is less than the aforementioned set vehicle speed 
Va. In Fig. 4, K D1 = 4/3, SF = 0.001 1 s^m 2 , and L a 2.512 m. Moreover, the value of Ka(v) is taken as 1 .28 at V = 0 m/s, 
and is calculated by linear interpolation between this value and the value of KD1 * Va/G D (v) at V 2.78 m/s. 

20 [0072] In this case, until the vehicle speed V reaches a prescribed value exceeding Va, namely, Vb = 33.3 m/s, the 
value of K D1 • V/G D (v) decreases as the vehicle speed V increases, but once the prescribed vehicle speed Vb has 
been exceeded, K 01 • V/G D (v) increases as the vehicle speed V increases. Therefore, at or above this prescribed 
vehicle speed Vb, the value of the steady gain of the target steering angle 8* with respect to the rotational operating 
angle 5h is constant, the value of K D1 • V/G D (v) at the prescribed vehicle speed Vb being used as this constant 

25 steady gain, and hence the vehicle behaviour is prevented from becoming unstable. 

[0073] The control procedure implemented by the control device 20 in the first embodiment described above is now 
explained with reference to the flowchart in Ftg. 5. Firstly, the detection data is read in from the respective sensors (step 
1). 

[0074] Thereupon, the target reactive torque Tm* corresponding to the detected rotational operating angle oh is 
30 calculated (step 2), and the operating actuator 19 is controlled in such a manner that the reactive torque Tm corre- 
sponds to the target reactive torque Tm* (step 3). 

[0075] Thereupon, it is determined whether or not the vehicle speed V is equal to or greater than a set value Va 
(step 4). 

[0076] When the vehicle speed Vis equal to or greater than the set value Va at step 4, then a target behaviour index 
35 value D* is calculated in accordance with the detected rotational operating angle 5h (step 5), a steering angle set angle 
Spf corresponding to the calculated target behaviour index value D* is calculated (step 6), the differential (D* - D) 
between the calculated target behaviour index value D* and a behaviour index value D determined on the basis of the 
detected values for the lateral acceleration Gy, yaw rate yand vehicle speed V is calculated, a steering angle correction 
value 5pB corresponding to this differential (D* - D) is calculated (step 7), and a target steering angle 5* Is calculated as 
40 the sum of the -steering angle set value 8 FF and the steering angle correction value Spe (step 8). 

[0077] Thereupon, the target drive current I* for the steering actuator 2 corresponding to the determined target 
steering angle 5* is calculated (step 9), and by driving the steering actuator 2 in accordance with this target drive current 
i*, the steering actuator 2 is controlled in such a manner that the steering angle 5 corresponds to the target steering 
angle 8* (step 10). 

45 [0078] Thereupon, it is determined whether or not to finish the control procedure, on the basis of whether or not the 
ignition switch of the vehicle is on, for example (step 11), and if it is not to be finished, the sequence returns to step 1 . 
[0079] When the vehicle speed V is less than the set value Va at step 4, then a target steering angle 5* is calculated 
in accordance with the detected rotational operating angle 8h (step 12), whereupon, at step 9, the target drive current 
I* of the steering actuator 2 corresponding to the target steering angle 8* Is calculated. 

so [0080] By means of the foregoing constitution, the steering actuator 2 is controlled in such a manner that it corre- 
sponds to the target steering angle 5* being the sum of the steering angle set value S F p which corresponds to the target 
behaviour index value D* relating to the rotational operating angle 6h, and the steering angle correction value 5>Bi which 
corresponds to the difference (D* - D) between the target behaviour index value D* and the determined behaviour index 
value D. Since the steering angle set value 8pp corresponds to a feed-forward element and the steering angle correction 

55 value 8fb corresponds to a feed-back element in the target steering angle 8*, integrated control combining feed-forward 
control and feed-back control is performed. Thereby, the steering angle 8 of the vehicle is caused to change in accord- 
ance with the amount of operation of the operating member 1 , whilst at the same time, the behaviour of the vehicle is 
optimised by controlling the steering actuator 2 In accordance with change In the behaviour of the vehicle. 
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[0081] Furthermore, operating characteristics can be improved by setting the ratio of the vehicle yaw rate ywlth 
respect to the amount of operation of the operating member 1 to a uniform value, regardless of the vehicle speed, when 
calculating the target behaviour Index value D*. 

[0082] Moreover, in the low speed range, where the yaw rate y and lateral acceleration Gy are small and virtually 
s no behaviour index value D is generated for the vehicle, the target steering angle 6* is determined in accordance with 
the rotational operating angle Sh, whereas in the medium and high speed range, where the behaviour index value D of 
the vehicle becomes larger, the target steering angle 8* is derived as the sum of the steering angle set angle 5 FF cor- 
responding to the target behaviour index value D* and the steering angle correction value Spg corresponding to the dif- 
ferential (D* - D) between this target behaviour index value D* and the actual behaviour Index value D, and the steering 
w actuator 2 Is controlled in such a manner that the steering angle matches this target steering angle 8*. Therefore, since 
the amount of control applied to the steering actuator 2 is equalized at the boundary between the low speed range and 
the medium to high speed range (this boundary being at set vehicle speed Va), it is possible to prevent the vehicle 
behaviour from becoming unstable. 

[0083] A second embodiment of the present invention is described now with reference to Fig. 6 - Fig. 8. 

is [0084] Fig. 6 shows a control block diagram of a control device 20 according to the second embodiment, In a case 
where the vehicle speed is equal to or greater than a previously set vehicle speed Va. In this second embodiment, the 
operating torque Th imparted by the vehicle driver on the operating member 1 Is taken as the amount ol operation of 
the operating member 1 . In Fig. 6, G11 is a transfer function of the controller of D* with respect to Th, apart from which 
the situation is the same as that illustrated in Fig. 2. 

20 [0085] The control device 20 calculates a target behaviour index value D* corresponding to the operating torque Th 
of the operating member 1 as detected by the torque sensor 12, on the basis of the transfer function G1 1 which repre- 
sents the relationship between the operating torque Th and the target behaviour index value D*. This transfer function 
G1 1 Is previously determined and stored In the control device 20. 

[0086] In the present embodiment, the controller of D* with respect to Th is a proportional control element, the pro- 
25 portional gain of which is set as being directly proportional to the vehicle speed V. Thereby, taking the following expres- 
sion is established, where Kq 2 is a proportional constant 

D* = G11 • Th = K1 • Gy+K2 •y'V = K D2 *v*-Th 

30 [0087] Therefore, the target behaviour index value D* is calculated in such a manner that the ratio of the vehicle 
yaw rate y with respect to the operating torque Th of the operating member 1 is uniform, regardless of the vehicle speed. 
[0088] The proportional constant is adjusted in such a manner that optimum control is provided, being set, for 
example, to a value of n/22.5. 

[0089] Since 5* = 5 F p -t- 5p B f Spp = D*/G D (v) , and D* = * V • Th , then in a steady state when 5 FB = 0. the 
35 relationship between the target steering angle 8* and the operating torque Th of the operating member 1 is given by the 
following expression. 

«*o{Kdb • V/G D (v)}Th 

40 [0090] Alternatively, the target behaviour index value D* may also be calculated in such a manner that the ratio of 
the lateral acceleration Gy of the vehicle with respect to the operating torque Th of the operating member 1 is uniform 
irrespective of the vehicle speed, by setting the transfer function G1 1 constant. 

[0091] Rg. 7 shows a control block diagram of a control device 20 according to the second embodiment of the 
Invention, in a case where the vehicle speed is less than the aforementioned predetermined vehicle speed Va. In Fig. 
45 7, G12 is the transfer function of the controller of 5* with respect to Th, and the steering angle correction angle Spg is 
taken as 0, apart from which the situation is similar to that depicted in Fig. 8. 

[0092] The control device 20 calculates a target steering angle 6* corresponding to the operating torque Th of the 
operating member 1 as detected by the torque sensor 12, on the basis of the transfer function G12 which represents 
the relationship between the operating torque Th and the target steering angle 8*. This transfer function G12 Is previ- 
50 ously determined and stored in the control device 20. 

[0093] In the present embodiment, the controller of 8* with respect to Th is a proportional control element, of which 
the proportional gain Kb(v) is taken as a function of the vehicle speed V, thereby establishing the following expression 

8* = Kb(v) • Th 

55 

[0094] Furthermore, at the previously set vehicle speed Va, the target steering angle 8* determined on the basis of 
the transfer function G12 and the steering angle set value Spp determined on the basi6 of the aforementioned transfer 
functions G1 1 , G2 become equal. Therefore, the following expression Is established 
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8* = 8 FF = {K^ • Va/G q (v)}Tn = Kb(v) • Th 

[0095] The value of Kb(v) is, for example, set to the value at a vehicle spaed of V = 0 m/s, and then derived by inter- 
polating between this value and the value of {K D2 • Va/G 0 (v)} at V = 2.78 m/s. 

5 [0096] The double-dotted lines in Fig. 4 indicate the indicate the relationship between K ^ • V/G D (v)x1 0 and the 
vehicle speed V, when the vehicle speed V is equal to or greater than the aforementioned set vehicle speed Va, and the 
relationship between Kb(v)x10 and the vehicle speed V when the vehicle speed is less than the aforementioned set 
vehicle speed Va. Here, = rc/22.5 , SF = 0.001 1 s 2 /m 2 , and L = 2.512 m. Moreover, the value of Kb(v) is taken as 
0.134 at V = 0 m/s, and is derived by linear interpolation between this value and the value of K D2 • Va/G D (v) at V = 

io 2.78 m/s. 

[0097] In this case, until the vehicle speed V reaches a prescribed value exceeding Vb, namely, Vb = 33.3 m/s, the 
value of * Va/G D (v) decreases as the vehicle speed V increases, but once the prescribed vehicle speed Vb has 
been exceeded, K ^ • Va/G D (v) increases as the vehicle speed V increases. Therefore, at or above this prescribed 
vehicle speed Vb, the value of the steady gain of the target steering angle S* with respect to the rotational operating 
is angle 5h is constant, the value of K D2 ♦ V/G D (v) at the prescrtoed vehicle speed Vb being used as this constant 
steady gain, and hence the vehicle behaviour is prevented from becoming unstable. 

[0098] The control procedure implemented by the control device 20 according to the second embodiment 
described above is now explained with reference to the flowchart in Fig. 8. Firstly, the detection data is read in from the 
respective sensors (step 101). 

20 [0099] Thereupon, the target reactive torque Tm* corresponding to the detected rotational operating angle oh is 
calculated (step 102), and the operating actuator 19 is controlled in such a manner that the reactive torque Tm corre- 
sponds to the target reactive torque Tm* (step 103). 

[0100] Thereupon, it Is determined whether or not the vehicle speed V Is equal to or greater than a set value Va 
(step 104). 

23 [0101] When the vehicle speed V is equal to or greater than the set value Va at step 1 04, then a target behaviour 
index value D* is calculated in accordance with the detected operating torque Th (step 105), a steering angle set value 
8 FF corresponding to the calculated target behaviour index value D* is calculated (step 106), the differential (D* - D) 
between the calculated target behaviour index value D* and a behaviour Index value D determined on the basis of the 
detected values for the lateral acceleration Gy, yaw rate yand vehicle speed V is calculated, a steering angle correction 

30 value 5fb corresponding to this differential (D* - D) is calculated (step 107), and a target steering angle 5* is calculated 
as the sum of the steering angle set value 5pp and the steering angle correction value 5 FF (step 108). 
[0102] Thereupon, a target drive current i* for the steering actuator 2 corresponding to the calculated target steer- 
ing angle 6* is calculated (step 109), and by driving the steering actuator 2 in accordance with this target drive current 
i*. the steering actuator 2 is controlled in such a manner that the steering angle 5 corresponds to the target steering 

35 angle 5* (step 110). 

[0103] Thereupon, it is determined whether or not to finish the control procedure, on the basis of whether or not the 
ignition switch of the vehicle is on, for example (step 111), and if it is not to be finished, the sequence returns to step 
101. 

[0104] When the vehicle speed V Is less than the set value Va at step 1 04, then a target steering angle S* is calcu- 
40 lated in accordance with the detected operating torque Th (step 112), whereupon, at step 109, the target drive current 
I* of the steering actuator 2 corresponding to the target steering angle 5* is calculated. 
[0105] Apart for the foregoing, this embodiment is similar to the first embodiment. 

[0106] By means of the second embodiment described above, similar beneficial effects as those in the first embod- 
iment can be obtained. Moreover, the operating torque imparted by the driver on the operating member 1 is employed 

45 as the amount of operation of the operating member 1 . Thereby, not only is it possible to restrict excessive operation of 
the operating member 1 by means of the reactive torque, but it is also possible to reduce the delay from the time that 
the driver imparts an operating torque to the time that the steering angle changes, and therefore the responsiveness of 
change in the steering angle with respect to the operations performed by the driver is improved, thereby allowing the 
attitude of the vehicle to be corrected readily even in the case of sudden steering actions in the high speed range, and 

so hence improving driving stability. 

[0107] The third embodiment of the present invention is now described with reference to Fig. 9 and Fig. 10. 
[0108] Fig. 9 is a control block diagram of a control device 20 according to the third embodiment of the invention, in 
a case where the vehicle speed is equal to or greater than a previously set vehicle speed Va. In this third embodiment, 
similarly to the second embodiment, the operating torque Th imparted by the vehicle driver on the operating member 1 

55 is taken as the amount of operation of the operating member 1 . 

[0109] Moreover, in Fig. 9, T FF is a reactive torque set value, 5q is a behaviour-related rotational operating angle, 
T FB is a reactive torque correction value, G13 is the transfer function of the controller of T FF with respect to 8h, G14 is 
the transfer function of the controller of 8q with respect to D, and G1 5 is the transfer function of the controller of T re with 
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respect to the differential between Sh and 8r> Apart from the foregoing, the situation Is similar to that depicted in Fig. 6. 
[01 1 0] The control device 20 calculates a reactive torque set value T FF corresponding to the rotational operating 
angle Sh of the operating member 1 as detected by the angle sensor 1 1 , on the basis of the transfer function G13 which 
represents the relationship between the rotational operating angle 5h and the reactive torque set value Tpp The transfer 
5 function G13 is previously determined and stored in the control device 20. 

[01 1 1] In the present embodiment, the controller of the reactive torque set value T FF with respect to the rotational 
operating angle 5h is taken as a proportional control element, of which the proportional gain Kt is taken as constant, 
irrespective of the vehicle speed. Hence, T FF = Kt • 5h . 

[01 1 2] It can also be devised that the absolute value of the reactive torque set value T FF is not permitted to exceed 
w a previously determined upper limit, for example, 10 N • m, in such a manner that reactive torque is never applied to 
an excessive degree. 

[0113] The control device 20 calculates a behaviour- related rotational operating angle Sq, which corresponds to a 
behaviour index value D derived from the detected values for lateral acceleration Gy, yaw rate y, and vehicle speed V, 
on the basis of the transfer function G 1 4 which represents the stored relationship between the behaviour index value D 
15 and the behaviour-related rotational operating angle 5r> This transfer function G14 is previously determined and stored 
in the control device 20. 

[01 1 4] In the present embodiment, the controller of the behaviour-related rotational operating angle Sfj is taken as 
a proportional control element, of which the proportional gain is set as a factor K5 (v) of the vehicle speed V. Hence, 
8 D = K5(v) • D . 

20 [0115] In a steady state, since D* = D , Th = Tm = T pp , and D* = K D2 • V • Th , and T FF = Kt • Sh , the follow- 
ing expression is established 

D = K D2 • V • Kt • 8h 

25 [0116] Therefore, in order for the rotational operating angle Sh of the operating member 1 to correspond to the 
behaviour of the vehicle, in other words, in order that S D o Sh , the following expression should be established. 

Sh=6 D = D/K D2 • V • Kt=KS(v) • D 

30 [0117] Therefore, K8 (v) = 1/K{>2 ♦ Kt • V, and since Krj 2 and Kt are proportional constants, K5 (v) is an element 
directly proportional to the vehicle speed V, for instance, K5 (v) = 3/4 V. 

[01 18] The control device 20 calculates the differential (Sh - 5 D ) between the detected rotational operating angle Sh 
and the calculated behaviour-related rotational operating angle 5r> and further calculates a reactive torque correction 
value T ra corresponding to this differential (6h - 5rj), on the basis of the transfer function G1 5 which represents the rela- 
35 tionship between the aforementioned differential (Sh - Sp) and the reactive torque correction value Tpg. This transfer 
function G15 is previously determined and stored in the control device 20. 

[0119] In the present embodiment, the transfer function G1 5 is set as (Ktp + Kti/s), where Ktp is the proportional 
gain and Kti is the integral gain, in such a manner that PI control is achieved. The values of Ktp and Kti are adjusted in 
such a manner that optimum control is provided, for example, being set respectively to Ktp = 1 and Kti = 0.0005. 
40 [0120] The control device 20 calculates a target reactive torque Tm* as the sum of the reactive torque set value Tpp 
and the reactive torque correction value Tpe, and the operating actuator 1 9 is controlled by the control device 20 in such 
a manner that the reactive torque Tm corresponds to the target reactive torque Tm*. 

[0121] In this third embodiment, when the vehicle speed is less than a previously set vehicle speed, then the reac- 
tive torque correction value T m is taken as zero, and the control block diagram relating to this embodiment is similar to 
45 that of the second embodiment illustrated in Fig. 7. 

[0122] The control procedure implemented by the control device 20 according to the third embodiment descrfaed 
above is now explained with reference to the flowchart in Fig. 1 0. Firstly, the detection data is read in from the respective 
sensors (step 201). 

[0123] Thereupon, it is determined whether or not the vehicle speed V is equal to or greater than a set value Va 
so (step 202). 

[0124] When the vehicle speed V is equal to or greater than the set value Va at step 202, then a reactive torque set 
value T FF is calculated in accordance with the detected rotational operating angle 5h (step 203), a behaviour-related 
rotational operating angle 6d corresponding to a behaviour index value D derived from the detected values for lateral 
acceleration Gy, yaw rate y, and vehicle speed V is calculated (step 204), a reactive torque correction value T FB corre- 
55 sponding to the differential (Sh- do) between the rotational operating angle Sh and the behaviour-related rotational oper- 
ating angle Sq is calculated (step 205), and the operating actuator 19 is controlled in such a manner that the reactive 
torque Tm corresponds to a target reactive torque Tm* being the sum of the reactive torque set value T FF and the reac- 
tive torque correction value Tpe (step 206). 
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[0125] Next, a target behaviour index value D* is calculated corresponding to the detected operating torque Th 
(step 207), a steering angle set value 5ff corresponding to the calculated target behaviour Index value D* is calculated 
(step 208), the differential (D* - D) between the calculated target behaviour Index value D* and a behaviour Index value 
D determined from the detected values for the lateral acceleration Gy, yaw rate y and vehicle speed V is calculated, a 
5 steering angle correction value 6>q corresponding to this differential (D* - D) is calculated (step 209), and a target steer- 
ing angle 6* Is calculated as the sum of the steering angle set value 5p F and tne steering angle correction value 8pe 
(step 210). 

[0126] Thereupon, a target drive current i* for the steering actuator 2 corresponding to the calculated target steer- 
ing angle 5* is calculated (step 21 1), and by driving the steering actuator 2 In accordance with this target drive current 
io I*, the steering actuator 2 is controlled in such a manner that the steering angle 5 corresponds to the target steering 
angle 5* (step 212). 

[0127] Thereupon, it is determined whether or not to finish the control procedure, on the basis of whether or not the 
ignition switch of the vehicle is on, for example (step 213), and if it is not to be finished, the sequence returns to step 
201. 

15 [0128] When the vehicle spaed V is less than the set value Va at step 202, then a target reactive torque Tm* is cal- 
culated in accordance with the detected rotational operating angle 5h (step 214), the operating actuator 1 9 is controlled 
in such a manner that the reactive torque Tm corresponds to the target reactive torque Tm* (step 215), and a target 
steering angle 6* is calculated in accordance with the detected operating torque Th (step 216), whereupon a target drive 
current i* for the steering actuator 2 corresponding to the target steering angle 8* is calculated at step 21 1 . 

20 [0129] Apart from the foregoing, the third embodiment is similar to the second embodiment. 

[01 30] According to the third embodiment described above, similar beneficial effects as those in the second embod- 
iment can be obtained. Moreover, a reactive torque correction value Tpg is determined in accordance with the differen- 
tial between a behaviour-related rotational operating angle 6q corresponding to the actual behaviour index value D of 
the vehicle and the detected rotational operating angle 5h, and then the target reactive torque Tm* is taken as the sum 

23 of this reactive torque correction value T FB and the reactive torque set value T FF corresponding to the rotational oper- 
ating angle Sh, so that the reactive torque Tm reflects changes in the actual behaviour of the vehicle. This allows the 
attitude of the vehicle to be corrected readily, even in the case of sudden steering actions in the high speed range, and 
hence improves driving stability, the driving characteristics of the vehicle being made to correspond to the operating 
torque imparted by the driver and the vehicle being steered in accordance with this operating torque. 

30 [0131] Moreover, in the low speed range, where virtually no vehicle behaviour index value D is generated, the oper- 
ating actuator 1 9 can be controlled in such a manner that the reactive torque coincides with the reactive torque set value 
T FF corresponding to the rotational operating angle Sh. In the medium to high speed range, where the vehicle behaviour 
index value 0 becomes larger, the operating actuator 19 can be controlled in such a manner that the reactive torque 
Tm coincides with the target reactive torque Tm* being the sum of the reactive torque set value Tpp and the reactive 

35 torque correction value Tp B . Consequently, there is no sudden change in the amount of control applied to the operating 
actuator 19 at the boundary between the low speed range and the medium to high speed range, and it is possible to 
steer the vehicle according to the operating torque Th imparted by the driver by controlling the operating actuator 1 9 in 
accordance with changes in the behaviour of the vehicle. 

[0132] Fig. 1 1 is a control block diagram of a control device 20 according to a modification example of the first 
40 embodiment. 

[0133] In this modification example, the weighted ratio for lateral acceleration in the first embodiment is set to zero, 
and the yaw rate weighted ratio is set to 1 , and hence the yaw rate yis used as a behaviour index value in place of D. 
By taking the proportional gain of the controller of -f with respect to 5h, forming a proportional control element, as a con- 
stant Kya, having a value of 4/3, for example, the expression y* » G1 • 5h « Kya • Sh Is established, apart from 

45 which this example is similar to the first embodiment. 

[0134] Fig. 12 shows a control block diagram of a control device 20 according to a modification example of the sec- 
ond embodiment. In this modification example, the lateral acceleration weighted ratio in the second embodiment is set 
to zero, and the yaw rate weighted ratio is set to 1 , and hence the yaw rate y is used as a behaviour index value in place 
of D. By taking the proportional gain of the controller of y* with respect to Th, forming a proportional control element, as 

so a constant Kyb, having a value of n/22.5, for example, the expression y* = G1 1 ♦ Th = Kyb • Th is established, apart 
from which this example is similar to the second embodiment. 

[0135] Rg. 13 shows a control block diagram of a control device 20 according to a modification example of the third 
embodiment. In this modification example, the lateral acceleration weighted ratio in the third embodiment is set to zero, 
and the yaw rate weighted ratio is set to 1 , and hence the yaw rate yis used as a behaviour index value in place of D. 
55 By taking the proportional gain of the controller of y* with respect to Th, forming a proportional control element, as a 
constant K*yb, having a value of n/22.5, for example, the expression y* = G1 1 * Th = Kyb • Th is established, and by 
taking the proportional gain of the controller of 5q with respect to y, forming a proportional control element, as a con- 
stant K5, having a value of 3/4, for example, the expression part 5 D = KS • y is established, apart from which this 
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example is similar to the third embodiment. 

[0136] The control block diagrams relating to the respective modification examples described above illustrate cases 
where the vehicle speed is equal to or greater than a set value, and in cases where the vehicle speed is iess than the 
set value, the behaviour index value D in the control block diagram relating to the corresponding embodiment is substi- 
5 tuted for y. 

[0137] A fourth embodiment of the present invention is descrfoed here with reference to Fig. 14 to Fig. 25. Items 
which are similar to the first to third embodiments described above are labelled with the same reference symbols, and 
only the points of difference is explained here. 

[0138] In the respective embodiments described above, the transfer function G2 corresponding to the relationship 
io between the target behaviour index value D* and the steering angle set value o>f 18 taken as the reciprocal of the steady 
gain of lateral acceleration with respect to the steering angle. Moreover, the transfer function G3 representing the rela- 
tionship between the steering angle correction value 5fb and the differential (D* - D) of the target behaviour index value 
D* and the behaviour index value D is determined in such a manner that proportional integrated (PI) control is achieved. 
In other words, the steering angle set value S FF and the steering angle correction value SpQ are set without considera- 
15 tion of the transient response characteristics of the vehicle behaviour with respect to changes in the steering angle. 
Consequently, cases may arise where it is not possible to achieve sufficient steering feel or improvement in the stability 
of the vehicle behaviour, in the period after a change in the steering angle until the vehicle behaviour assumes a steady 
state. 

[0139] Therefore, in this fourth embodiment, the transfer function G2, which corresponds to the relationship 
20 between the target behaviour index value D* and the steering angle set value 5pp and the transfer function G3, which 
corresponds to the relationship between the steering angle correction value 5pQ and the differential (D* - D) of the target 
behaviour index value D* and the behaviour index value D are set with consideration of the aforementioned transient 
response characteristics, apart from the foregoing, the fourth embodiment is similar to the first to third embodiment. 
[0140] Firstly, a transfer function G D (s) for the behaviour index value D with respect to the steering angle 5 is deter- 
25 mined, and the inverse of the derived transfer function, namely, 1/G D (s) is set such that it corresponds to the transfer 
function G2 of 5pp with respect to D*. The transfer function G D (s) is derived on the basis of a predetermined equation 
of motion which comprises the lateral acceleration Gy, yaw rate 7, steering angle 5 and speed V of the vehicle. as 
unknown quantities, in such a manner that It includes at least one of either K1 or K2 being included therein and corre- 
sponds to the transient response of the vehicle behaviour with respect to change in the steering angle. By way of an 
30 example, using a two-wheel model, wherein the four wheels, front, beck, left and right of a vehicle are regarded as two 
wheels, front and back in the centre of the vehicle body, the following equations of motion are established tor vehicle 
movement in the linear tyre region, wherein the lateral slip angle of the tyres is directly proportional to the cornering 
force. Naturally, the equations of motion are not limited to these. 

35 V • y(s) = 8(s) • V • G r • (1 +T r s)/(1 + 2£s /<o n + s 2 /<a n 2 ) 

Gy(s)=8(s) * V • G r - (1 + T yl s + T y2 s 2 )/(1+2^s/(n n + s 2 /a) n 2 ) 

[0141] Moreover, since D= K1 • Gy+K2 • y • V, the transfer function G D (s) is given by the following expres- 
40 sion. 

G D (s)=D(s)/8(s) = V • G r • {1+(K1 • T y1 +K2 • T r )s + K1 • T^s 2 }/^ + 2Ss/e> n + s 2 /co n 2 ) 

[0142] Here, G D (s) includes K1 and K2, but since K1 + K2 « 1 , It is possible to derive an expression containing 
45 one of these only. 

[0143] T r ,T y1 and Ty2 are time constants, and taking Lf as the distance between the front wheel axis and the centre 
of gravity of the vehicle, L r as the distance between the rear wheel axis and the centre of gravity of the vehicle, l z as the 
inertia moment of the vehicle, and as the cornering power of the rear wheel, the following expressions can be 
derived. 

50 

T r = m ♦ L f « V/2L • K r 

Ty1 = Lf/V 

55 T y2 = l 2 /2L - K r 

[0144] G r is determined as the steady gain of the yaw rate with respect to the steering angle, from the following 
expression. 
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G r =V/{<1 + SF • V 2 ) • L} 

[0145] Moreover, co n is the natural angular frequency of the vehicle, £ is the attenuation ratio, Kf is the cornering 
5 power of the front wheel, and m is the mass of the vehicle, and hence the following expressions are derived. 

a> n =(2UV) • {K f • K r • (1 + SF • V 2 )/(m • l z )} 1/2 

r, = {m • (L f 2 • K f + L r 2 • K r ) + I 2 • (K f + K r )}/2L/{m • I z • K f • K r • (1 + SF • V 2 )} 1/2 

TO 

[0146] Therefore, the transfer function G2 is described by the following equation. 

G2» 1/G D (s)=i (1/VG r ) • (1 +2£s/« n +s 2 /w n 2 )/{1 +<K1 . T y1 + K2 • T r )s + K1 • T ^s 2 } 

15 [0147] According to the equation for the transfer function G D (s), since K1 + K2 = 1 , the value of K1 does not influ- 
ence the steady gain, and therefore the yaw rate can be maintained at a uniform value with respect to the angle of the 
steering wheel, regardless of the vehicle speed. 

[0148] Fig. 14 shows the relationship between the behaviour index value D and time, illustrating response simula- 
tion results for stepped inputs of 5 in the aforementioned transfer function G 0 (e). Here, the vehicle speed V is set to a 
20 uniform value (16.7 m/s) and K1 is changed from 0 to 1 in steps of 0.25. Moreover, the following values are used : m = 
1500 kg, l 2 = 1950 kg ♦ m 2 K< = 54430 N/rad, K r = 64770 N/rad, L = 2.515 m, L, = 1 .023 m, L, = 1 .492 m, and SF = 
0.0014 s 2 /m 2 . 

[0149] Figs. 15(1 ) through (4) show relationships between time and behaviour index value D, illustrating response 
simulation results for stepped inputs of 5 in the aforementioned transfer function G D (s). In these diagrams, K1 is taken 

25 as a constant value, and the vehicle speed V is taken as 8.33 m/s, 1 1 .1 m/s, 1 6.7 m/s, 22.2 m/s, 33.3 rn/s, 41 .7 m/s and 
50.0 m/s. The diagrams show respective response results for D = Gy , K1 being taken asKI a 0.5 in Fig. 1 5(1), as K1 
= 0.1 in Fig. 15(2), and K1 = 1 in Fig. 15(3). In Rg. 15(4), the response results for D = V • y when K1 = 0 are shown. 
Apart from the foregoing, the diagrams are similar to the response simulations illustrated in Rg. 14. 
[0150] From Rg. 14 and Rgs. 15(1) through (4), it is seen that the temporal change in the behaviour index value D 

30 with respect to change in the steering angle 5 varies greatly depending on the values of K1 and K2. More specifically, 
in the initial response period, Gy is the governing factor relating to the transient response characteristics of the vehicle 
behaviour with respect to change in the steering angle, and thereafter, y becomes the governing factor, and the lower 
the value of K1 , the greater the restriction of the initial response in the low speed range, but the more emphasized the 
overshoot in the high speed range. Therefore, in the first to third embodiments described above, by setting K1 to an 

35 appropriately small value and performing compensation based on feed-back control, it is possible to improve stability in 
the high speed range whilst maintaining swift response in the low speed range, in relation to the transient response of 
the lateral acceleration and yaw rate with respect to change in the steering angle. As opposed to improving responsive- 
ness in feed-back control in this manner, in the fourth embodiment, improvements in the responsiveness of feed-forward 
control are devised, and also by combining this with improvement in the responsiveness of feed-back control, it is 

40 sought to improve responsiveness further by utilizing the advantages of integrated control involving feed-forward control 
and feed-back control, and moreover, further improvement In responsiveness Is sought by optimizing the values of K1 
and K2. 

[0151] Rg. 16(1) through (3) show the relationship between the behaviour index value D and time, illustrating 
response simulation results for stepped Inputs of D* in the simulation model shown in Rg. 17. Here, the transfer function 

45 G2 of Spp with respect to D* is taken as 1 A3 D (v), similarly to the first embodiment, in order to provide a comparison with 
the fourth embodiment. In the simulation model, the transfer function of 5 with respect to 8pp « approximated to the first 
order lag of the time constant 0.1 (sec), namely, 1/(0.1 s + 1). The vehicle speed V is taken as B.33 m/s, 1 6.7 m/s, 33.3 
m/s, and 50.0 m/s. Fig. 16(1) and Fig. 1 6(2) shows response results for D = Gy , where the value of K1 is set to K1 = 
0.5 in Fig. 16(1) and K1 =1 in Rg. 16(2), respectively, and Fig. 1 6(3) shows the response results for D = V • y where 

so K1 = 0. 

[0152] Rgs. 18(1) through (4) and Rg. 19 (1) through (4) show the relationships between time and the steering 
angle 5, behaviour index value D, lateral acceleration Gy, and yaw rate y, illustrating response simulation results with 
respect to stepped inputs of D*, in a case where the transfer function G2 is taken as the inverse of Gq (b) in the simu- 
lation model illustrated in Rg. 17. Here, the vehicle speed Vis taken as 8.33 m/s, 16.7 m/s, 33.3 m/s, and 50.0 m/s, and 
55 in Rgs. 18(1) through (4), K1 is taken as K1 = 0.5, whilst in Figs. 19(1) through (4), K1 = 0.25. 

[0153] According to the response results illustrated in Figs. 18(1) through (4) and Rgs. 19(1) through (4), the 
dynamic changes of 5, Gy and y vary respectively with vehicle speed, but it can be seen that the dynamic change of D 
remains uniform, irrespective of the vehicle 6 peed. Moreover, responsiveness and stability are improved compared to 
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the response results shown In Figs. 1 8<1) through (3). Furthermore, when It Is supposed that K1 = 0.25, the responsive- 
ness of Gy and 7 In the low speed range, and the overshoot of 7 In the high speed range are Improved compared to a 
case where K1 = 0.5. 

[0154] Moreover, K1 and K2 are set as functions of the vehicle speed V, in such a manner that the transient 
5 response of the vehicle behaviour with respect to change in the steering angle corresponds to a previously determined 
given response, irrespective of the vehicle speed V. tn the present embodiment, the simulation model for 7 at V = 33.3 
m/s shown in Fig. 1 9(4) is taken as a model, and K1 is taken as a function of vehicle speed V as expressed by the fol- 
lowing equation, in such a manner that the transient response of 7 at any vehicle speed coincides as closely as possible 
with the transient response at the vehicle speed in the model. 

10 2 

K1 = -0.0002205(V- 33.3) + 0.245 

[0155] The relationship between V and K1 is shown in Fig. 20. in this case, at V o 8.33 m/s, K1 is adjusted to 0.1 0, 
at V = 16.7 m/s, K1 is adjusted to 0.1 9, at V = 33.3 m/s, K1 is adjusted to 0.25, and at V = 50.0 m/s. K1 is amended to 
15 0.19. 

[0156] Figs. 2 1(1) through (4) show response simulation results obtained using the aforementioned amended val- 
ues for K1. Figs. 21 (1) through (4) show response simulation results at the aforementioned vehicle velocities for 5, D, 
Gy and 7, respectively, with respect to stepped inputs of D*. 

[0157] According to the response results shown in Fig. 21(1) through (4), compared to the response results illus- 
20 trated in Figs. 19(1) through (4), in the transient response obtained using the amended K1 values as described above, 
approximately equivalent response characteristics are obtained for 7, and improved responsiveness of Gy is obtained 
at all vehicle speeds. 

[0158] Moreover, In the fourth embodiment, the transfer function G3 of 6> B with respect to the differential (D - D*) 
between the target behaviour index value D* and the behaviour index value D is taken as corresponding to the inverse 

23 of the aforementioned transfer function G D (s) of the behaviour index value D with respect to the steering angle 5. 

[0159] Figs. 22(1 ) through (4) and Figs. 23 (1) through (4) respectively show the relationships between time and the 
steering angle 8, behaviour index value D, lateral acceleration Gy and yaw rate 7, illustrating response simulation results 
with respect to stepped inputs of D* in the simulation model illustrated In Fig. 24. In this simulation model, the transfer 
function G2 is taken as the inverse of the transfer function G D (s) as described above, and moreover, the value of Kl is 

30 amended as a function of the vehicle speed V as described above. The transfer function G3 of fipg with respect to the 
differential (D - D*) is taken as a proportional control element, the proportional gain of which is taken as 1 in the 
response characteristics illustrated in Figs. 22(1) through (4), and as 0.05 in the response characteristics illustrated in 
Figs. 23(1) through (4). In this simulation model, the transfer function of 8 with respect to 8* is approximated to the first 
order lag of the time-constant 0.1 (sec), namely 1/(0.1s+ 1), apart from which the constitution is similar to the block dia- 

35 gram illustrating control of D with respect to D* in the first embodiment. The vehicle speed V is taken as 8.33 m/s, 1 6.7 
m/s, 33.3 m/s and 50.0 m/s. 

[0160] From Figs. 22(2) and (3), it is seen that the over-shoot in the high vehicle speed range becomes larger, the 
greater the proportional gain of the transfer function G3. From Figs. 23(2) and (3), it is seen that the over-shoot can be 
restricted when the proportional gain of the transfer function G3 is reduced, but in this case, the response characterise 
40 tics are equivalent to the response results shown in Fig. 21 , where no controller of the 6>b wrth respect to (D - D*) is 
provided, and hence it is not possible sufficiently to utilize the advantageous characteristics of performing feed-back 
control. 

[0161] Therefore, in order to improve responsiveness in a manner which utilizes the advantageous characteristics 
of integrated control Involving feedforward control and feed-back control, as described above, the transfer function G3 
45 of 5pB with respect to (D* - D) is set by taking consideration of the transient response characteristics of the vehicle 
behaviour with respect to change in steering angle. In other words, taking the transfer function of 5 with respect to 5* as 
G a , the following expression is established. 

{G2 • D* + G3 • (D*-D)}G a • G D (s) = D 

50 

[01 62] Solving this expression with respect to D gives the following equation: 

D = D* • (G2 + G3) • G a • Gd/(G3 • G a • G D (s) + 1) 

55 [0163] Taking the transfer function of D with respect to D*. namely D/D* as G, since G2 = 1/G D (s) , the following 
expression is established. 

G = (1 +G D (s) • G3) • G a /(G3 • G a • G D (s)+1) 
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[0164] Solving this for G3 yields the following equation. 

G3=(G-G a V{G a • G D (s) • (1-G)} 

5 [0165] Here, taking G as the first-order lag of the time constant T a , namely, 1/(T a • s+1) and G a as the first-order 
lag of the time constant T b , namely, 1/(T b • s+1) , then G3 Is given by the following expression. 

G3=(T b /T a -iyG D (s) 

10 [01 66] Whe n T Q = T b /2 , then 

G2 = G3 = 1 / G D (s) . In other words, the transfer function G3 corresponds to the inverse of the transfer function 

[0167] Figs. 25(1 ) through (4) respectively show the relationships between time and the steering angle 5, behaviour 
index value D, lateral acceleration Gy, and yaw rate y of the vehicle, illustrating response simulation results for stepped 

is inputs of D* in the simulation model shown in Fig. 24, wherein it is supposed that G2 = G3 = 1 / G D (s) , and K1 is 
amended as a function of the vehicle speed V as described above. The vehicle speed V is taken as 8.33 m/s, 1 6.7 m/s, 
33.3 m/s, and 50.0 m/s. For the purpose of comparison, the broken lines indicate response simulation results for a vehi- 
cle speed of 8.33 m/s, in the simulation model illustrated in Fig. 17 where no controller of dfs with respect to (D* - D) is 
provided, and the single-dotted lines indicate response simulation results for a vehicle speed of 50.0 m/s in the same 

20 simulation model. 

[0168] In the transient response illustrated in Figs. 25(1) through (4), the response at start up is rapid, and the over- 
shoot of D and y in the high speed range is restricted, and hence both responsiveness and stability are improved. 
[0169] According to the fourth embodiment described above, similar beneficial effects to those in the first to third 
embodiments can be achieved. Moreover, since the relationship between the target behaviour index value D* and the 

23 steering angle set value 5 FF corresponds to the inverse of the transfer function G D (s) corresponding to the transient 
response characteristics of the vehicle behaviour with respect to change in the steering angle, it is possible to improve 
the responsiveness and stability of the transient response by means of feed-forward control. Moreover, since the rela- 
tionship between the steering angle correction value 6fb and the differential (D* - D) of the target behaviour index value 
D* and the behaviour index value D corresponds to the inverse of the transfer function Gq (b) relating to the transient 

30 response characteristics of the vehicle behaviour with respect to change in the steering angle, it is also possible to 
improve the responsiveness and stability of the transient response by means of feed-back control. Moreover, by making 
K1 and K2 functions of the vehicle speed V, whereby the transient response of the vehicle behaviour with respect to 
change in the steering angle corresponds to a previously determined uniform response irrespective of the vehicle 
speed, it is possible to make the transient response of the vehicle behaviour with respect to change in the steering angle 

35 correspond to a model response, thereby improving the transient response characteristics. Consequently, it is possible 
to improve the steering feel and the stability of the vehicle behaviour. 

Claims 

40 1 . A steering device for a vehicle comprising: 
an operating member (1); 

a steering actuator (2) driven in accordance with operation of said operating member (1); 
means for transmitting the movement of said steering actuator (2) to the wheels (4) of a vehicle in such a man- 
45 ner that the steering angle changes in accordance with said movement, without said operating member (1) 

being coupled mechanically to said vehicle wheels (4); 

means (14, 15, 16, 20) for determining a behaviour index value corresponding to change in the behaviour of 
the vehicle; 

means (1 1 f 12) for detecting the amount of operation of said operating member (1); 
so means (20) for calculating a target behaviour index value corresponding to the detected amount of operation, 

on the basis of a stored relationship between the amount of operation and the target behaviour index value; 
means (20) for calculating a steering angle set value corresponding to the calculated target behaviour index 
value, on the basis of a stoned relationship between the target behaviour index value and the steering angle set 
value; 

35 means (20) for calculating a steering angle correction value corresponding to the differential between the target 

behaviour index value and said determined behaviour index value, on the basis of a stored relationship 
between this differential and the steering angle correction value; and 

means (20) for controlling said steering actuator (2) in such a manner that the steering angle corresponds to a 
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target steering angle being the sum of the steering angle set value and the steering angle correction value. 

2. The steering device for a vehicle according to claim 1 , wherein the stored relationship between the target behaviour 
index value and the steering angle set value corresponds to the inverse of the transfer function of the behaviour 

5 index value with respect to the steering angle. 

3. The steering device for a vehicle according to claim 1 or 2, wherein the stored relationship between the differential 
of the target behaviour index value and the behaviour index value, and the steering angle correction value, corre- 
sponds to the inverse of the transfer function ot the behaviour Index value with respect to the steering angle. 

10 

4. The steering device for a vehicle according to any one of claims 1 to 3, wherein said target behaviour index value 
is calculated in such a manner that the ratio of the yaw rate or lateral acceleration of the vehicle with respect to the 
amount of operation of the operating member (1 ) is uniform irrespective of the vehicle speed. 

is 5. The steering device for a vehicle according to any one of claims 1 to 4, 
wherein said operating member (1) is rotationally operated; 

the amount of operation of said operating member (1 ) is taken as the operating torque imparted to the operat- 
ing member (1 ) by the driver of the vehicle; 
zo and an operating actuator (1 9) for generating a reactive torque acting on the operating member (1 ) is provided; 

said steering device further comprising: 

means (1 1) for detecting the rotational operating angle of the operating member (1 ) due to the action of the dif- 
ferential between the detecting operating torque and the generated reactive torque; 

means (20) for calculating a target reactive torque corresponding to the detected rotational operating angle, on 
25 the basis of a stored relationship between the rotational operating angle and the target reactive torque; and 

means (20) for controlling the operating actuator (19) in such a manner that the reactive torque corresponds to 
the target reactive torque. 

6. The steering device for a vehicle according to any one of claims 1 to 4, 
30 wherein said operating member (1 ) is rotationally operated; 

the amount of operation of said operating member (1) is taken as the operating torque imparted to the operat- 
ing member (1 ) by the driver of the vehicle; 

and an operating actuator (19) for generating a reactive torque acting on the operating member (1) is provided; 
35 said steering device further comprising: 

means (1 1 ) for detecting the rotational operating angle of the operating member (1 ) due to the action of the dif- 
ferential between the detecting operating torque and the generated reactive torque; 

means (20) for calculating a reactive torque set value corresponding to the detected rotational operating angle, 
on the basis of a stored relationship between the rotational operating angle and the reactive torque set value; 
40 means (20) for calculating a behaviour-related rotational operating angle for the operating member (1) corre- 

sponding to the determined behaviour index value, on the basis of a stored relationship between the behaviour 
index value and the behaviour-related rotational operating angle; 

means (20) for calculating a reactive torque correction value corresponding to the differential between the 
detected rotational operating angle and the calculated behaviour-related rotational operating angle, on the 
45 basis of a stored relationship between this differential and the reactive torque correction value; and 

mean6 (20) for controlling the operating actuator (19) in such a manner that the reactive torque corresponds to 
a target reactive torque being the sum of the reactive torque set value and the reactive torque correction value. 

7. The steering device for a vehicle according to claim 6, wherein the reactive torque correction value is taken as zero, 
50 at speeds lower than a previously set vehicle speed. 

8. The steering device for a vehicle according to any one of claims 1 to 7, wherein, at speeds lower than a previously 
set vehicle speed, a target steering angle corresponding to the detected amount of operation of the operating mem- 
ber (1) is calculated on the basis of a stored relationship between the amount of operation of the operating member 

55 (1 ) and the target steering angle, and the steering angle correction value is taken as zero. 

9. The steering device for a vehicle according to any one of claims 1 to 8, wherein, when the lateral acceleration of 
the vehicle is taken as Gy, the yaw rate of the vehicle as y, the speed of the vehicle as V, the weighted ratio of the 
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lateral acceleration as Kl, the weighted ratio of the yaw rate as K2, and K1 + K2 = 1 . the behaviour Index value Is 
determined as a value D expressed by 

D = K1 • Gy + K2 • y ' V. 

5 

the stored relationship between the target behaviour Index value and the steering angle set value corresponds 
to the inverse of the transfer function of the behaviour index value with respect to the steering angle, and 
the transfer function of the behaviour Index value with respect to the steering angle is derived on the basis of 
a previously determined equation of motion containing the lateral acceleration, yaw rate, steering angle and 
io speed of the vehicle as unknown quantities, in such a manner that at least one of either K1 or K2 is included 

therein, so that said function corresponds to the transient response of the vehicle behaviour with respect to 
change in the steering angle. 

10. The steering device lor a vehicle according to claim 9, wherein K1 and K2 are taken as functions of the vehicle 
T5 speed, in such a manner that the transient response of the vehicle behaviour with respect to change in the steering 
angle corresponds to a previously determined uniform response irrespective of the vehicle speed. 
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Fig .1 
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Fig .8 
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Fig . 10 
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